Introduction
The first two papers in this series 1 ' 2 dealt with theoretical and computational studies of the differential scattering of right and left circularly polarized light by helices. The helices were assumed to have a uniaxial polarizability tangent to the helix; as a result, the model presented two main features: (1) the values of circular intensity differential scattering (CIDS) were independent of the magnitude of the polarizability, in particular of its wavelength dependence. The model, therefore, did not include any absorptive phenomena. (2) All differential scattering patterns were symmetric around the direction of incidence of the light. 2 In this paper we will explicitly analyze the case of a biaxial polarizability and we will also show numerical computations for a general polarizability tensor containing three principal components.
Since the model now will give results dependent on the actual form and dispersion properties of the polarizability, we must explicitly consider the wavelength dependence of the polarizability,
Numerical Calculations
Circular intensity differential scattering (CIDS) is the preferential scattering of light of circular polarization by chiral structures. CIDS is defined as the ratio of the difference of scattered intensities for incident left and right circularly polarized light to its sum. CIDS = (IL-IR)/(IL+IR)' where IL and IR are the scattered intensities for the two circular polarizations of the incident radiation. 3 In paper I of this series~ the equations for CIDS of helical structure were derived; we use equations 19~ 20, A3 and A4 of that paper in the calculations reported here.
We assume that the polarizable electrons in the scatterer are harmonically bound, so that their response to an external field is d . 1 3 expresse s1mp y as:
where f is the strength of the absorption band centered at wavelength AO and 6A is equal to its width at half height. In the numerical computations we have used polarizability tensors with two or three principal values along principal axes oriented tangent to the helix, t, normal to the helix, n, and perpendicular to these axes, p. We found that the use of purely real or purely imaginary polari zabilities had the effect of producing total and differential scattering patterns symmetric about the 270°-90° axis. This is shown in Figure 2 for a helix of the same dimensions as those used in Figure   and with the polarizabilities at= Re at• ap =Reap and an= Re an.
It should be pointed out that the number of lobes for the zerothlayer line in Fig. 2 is the same as in the corresponding layer line in g. la. but here, three negative lobes are too small to be seen in the figure. As discussed in paper II of this series, the number of lobes of the eros pattern is determined by the geometry of the scatterer and not by the values and directions of the transitions in the scatterer.
In order to gain a better understanding of the symmetry laws involved in the patterns of total and differential scattering, the theory of eros for helical molecules is explicitly applied to the case of a biaxial polarizabil ity.
5
It will be shown that by writing the polarizabilities in the form a= Rexp(iy), a ph~se change is introduced in the angular dependence of the scattering intensity, which is equal to the difference in the complex phases between the polarizabilities involved; this phase change is responsible for the antisymmetric properties observed.
A detailed analysis of the symmetry of the scattering patterns will
show their relations to the dispersive and absorptive properties of the polarizabilities.
A Biaxial Polarizabilit,y
We choose a biaxial polarizability with principal axes along nand t. We can define the scattering matrix for the helix as: 
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The plus sign gives the scattered field for right circularly polarized light and the·minus sign for left circularly polarized light~ with 6~ = ~-~o· For a helix oriented along ~3 (~·~3 = O)~ we can write the terms that must be added to the ones calculated with the purely tangential polarizability 1 to obtain Il -IR. These additional terms are:
where Im means the imaginary part of the expression should be used, and where the limits of integration have been omitted for simplicity.
To perform the integrations indicated in (4), we rewrite the polariiyt iyn zabilities at and an as at= Rte and an= Rne where Rt• Rn~ Yt and Yn are real numbers. In this way~ after integration. we obtain the correction terms for Il-IR that can be found in the appendix at the end of the paper. Here we will only show one of the terms obtained. to allow the analysis of the symmetries involved:
where the arguments of the Bessel functions, which are (Qa), the angle , and that of (-kx,kz) being the same as that of (kx·-kz). Through our symmetry analysis of the differential scattering. we should be able to show the exis- shows the same asymmetric behavior as the differential scattering.
Equation (5) can be rewritten as:
with 6 = y t -y n.
Equation (6) has the general form:
where C stands for coefficient, P for phase (sin 2~' or cos 2~' in this case) and B for the combination of Bessel functions. Some of the terms are affected by changes of the x-coordinate and some by changes in the z-coordinate. It can be shown that the above term, under the double reflection (x ~ -x; z ~ -z) transforms as: 9 c 1 xclzPlBlcoso + c 2 xc 22 P 2 B 2 sin6
where the terms affected by changes of k 2 + -kz are shown in square brackets and the ones affected by changes of kx + -kx are in parenthesis, From expressions (7) and (6) From this last expression we see that in a first approximation, away from resonance·~ the contribution of the imaginary part of the polarizabi1ity to the scattered fields is A-4 times smaller than that of the real part and therefore the imaginary part will not contribute significantly to the scattering intensities,for regions of the spectrum outside of the absorption band.
Discussion
The asymmetry observed in the scattering patterns is the result of having chosen for the scatterer a general polarizability. As discussed in paper I of this series, this choice implies that in calculating the CIDS, the dispersiondependence of the polarizability cannot be cancelled when the ratio of IL-IR to IL+IR is taken. The effect is to make the calculated differential scattering intensities, as well as the total scattering, dependent on the absorptive properties of the scatterer. This behavior is a manifestation of 11 anomalous scattering 11 described in crystallography. 4 Thus. Friedel's 1aw of symmetry of the scattered intensities above and below the equator of thediffractionpattern is violated when the wavelength of the incident radiation falls inside the absorption band of some of the scattering elements in the lattice. As the wavelength of light moves away from the absorption band, the asymmetry gradually disappears to eventually recover the symmetry of the pattern far away from resonance. However, the antisymmetry shown by the absorptive helix is a property peculiar to the geometry and symmetry of the scatterer studied. In this way, whereas the asymmetry of the scattering patterns is a general manifestation of anomalous scattering, the antisymmetry shovm by the patterns is peculiar to the highly symmetric chiral scatterer discussed. 
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